Background: Anecdotal evidence indicates that some patients with dementia exhibit novel or increased positive behaviors, such as painting or singing, after the disease onset. Due to the lack of objective measures, however, the frequency and nature of these changes has not been formally investigated. Objective: This study aimed to systematically identify changes in these behaviors in the two most common younger-onset dementia syndromes: Alzheimer's disease (AD) and behavioral-variant frontotemporal dementia (bvFTD). Methods: Sixty-three caregivers of patients with dementia (32 caregivers of AD patients and 31 caregivers of bvFTD patients) participated in the study. Caregivers rated the presence and frequency of positive and negative behavior changes after the onset of dementia using the Hypersensory and Social/Emotional Scale (HSS) questionnaire, focusing on three domains: sensory processing, cognitive skills, and social/emotional processing. Six composites scores were obtained reflecting these three domains (two composite scores for each domain). Differences across scores and ratios of increased and decreased behaviors were analyzed between AD and bvFTD, at different disease severity levels. Results: After disease onset, significant changes in the sensory processing domain were observed across disease severity levels, particularly in AD. Composite scores of the other domains did not change significantly. Importantly, however, some novel or increased positive behaviors were present in between 10% (Music activities) and 70% (Hypersensitivity) of AD and bvFTD patients, regardless of disease severity. Conclusions: We provide the first systematic investigation of positive behaviors in AD and bvFTD. The newly developed HSS questionnaire is a valid measure to characterize changes and progression of positive behaviors in patients with dementia.
INTRODUCTION
Dementia is associated with widespread changes in cognition and social interactions [1] , as well as with the emergence of abnormal behavior and psychiatric symptomatology [2] . These changes tend to 550 
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become more pronounced with disease progression. Anecdotal evidence, however, indicates that creative "positive" skills can emerge or improve in patients with dementia, such as painting, drawing, or singing skills -which were not necessarily part of the individual's repertoire prior to disease onset. For example, novel drawing skills have been reported after the onset of frontotemporal dementia (FTD) [3] [4] [5] [6] [7] , in Alzheimer's disease (AD) [8] , and in Parkinson's disease [9] . Other novel activities, such as doing puzzles [10] , listening to music [11] , or playing an instrument [12] have also been reported in dementia patients as the disease progresses. These reports indicate that individuals with dementia have the potential for exhibiting novel, not previously seen, activities, against a background of cognitive and functional decline.
In addition to these reported changes in cognitive skills, changes in sensory functions with dementia have also been reported, such as an increase of sensitivity or hypersensitivity for pain or temperature [13, 14] . These findings suggest that somatosensory functions are abnormal in some patients with dementia. Whether other senses are also affected in dementia remains unknown, although increased sensitivity to intense light and loud sound stimuli is commonly reported following traumatic brain injury [15] . These findings would suggest that diffuse brain damage is likely to interfere with inhibitory processes and the capacity of the brain to modulate and control the flow of sensory information.
Changes in social/emotional processing have been widely documented in dementia [16] . Emergence of "negative" behavioral changes, such as apathy, anxiety, and depression have been commonly described in mild cognitive impairment (MCI) [17] and AD patients [18] . Importantly, heightened emotional empathy has also been reported in these clinical groups compared to controls [19] , a change not explained by a generalized mood disorder, but rather a specific change in interpersonal emotional reactivity [19] .
In summary, existing evidence points towards the emergence or increase in positive behaviors in some dementia patients with disease progression. Such behaviors have been reported in different domains, including cognition, processing of sensory and social/emotional information. These changes, however, have not been systematically investigated and their examination is rarely part of the clinical investigation of dementia patients. Indeed, the characteristics, severity, and prevalence of these features across dementia syndromes are currently unknown.
This study aimed to systematically determine the presence and characteristics of positive behavioral changes across disease severity in the two dementia syndromes where these changes have been most commonly reported: AD and bvFTD. The presence and frequency of positive behaviors were established using the Hypersensory and Social/Emotional Scale (HSS), a newly developed caregiver questionnaire. Caregiver-based questionnaires are a particularly suitable measure of behavior of patients in the advanced stages of dementia and/or where formal cognitive testing is no longer suitable or appropriate.
MATERIALS AND METHODS

Development of the Hypersensory and Social/Emotional Scale (HSS) Operationalization and item selection of the HSS
Question items from the HSS were derived from previous reports of novel or increased positive behaviors in dementia and focused on three domains: sensory processing, cognitive skills, and social/emotional processing. Items from the HSS investigating behaviors related to the sensory processing domain were selected from previously developed hypersensitivity questionnaires for autism spectrum disorder [20, 21] . Items measuring behaviors related to the other two domains were selected by consensus after discussion among clinicians. From a pool of 48 items, 19 were included in the HSS as they were thought to unequivocally characterize positive changes in the three domains of interest (see Supplementary Table 1 for details of the HSS). For each item, behavior frequency was rated using a four point-scale from 0 to 3 (0 Never, 1 Rarely, 2 Sometimes, 3 Frequently; see Supplementary Table 1 ). To detect differences between premorbid and current state, caregivers were asked to rate the frequency of each behavior in the patients at two different time points, namely "Before the illness" and "At the present time".
Study participants for the development of the questionnaire
The internal structure of the HSS was tested using participants from FRONTIER, the frontotemporal dementia research clinic in Sydney, Australia. Since 2007, FRONTIER has recruited a large (>500) cohort Table 2 . Two-hundred-and-sixty-one caregivers of patients with dementia were contacted by mail and sent the HSS questionnaire as well as the frontotemporal lobar dementia-modified Clinical Dementia Rating (FTLD-modified CDR) [22] , in order to establish disease severity, of whom 160 returned the questionnaire (61.3%). An additional 33 caregivers were approached to participate as part of their scheduled visit to our research program. Eight questionnaires were from deceased patients and had to be excluded and a further eight questionnaires were excluded due to missing data for >20% of the items. Thus, a total of 185 valid questionnaires (152 from the mailing sample and 33 collected directly) were included. A detailed flow chart of the data collection procedure is shown Supplementary Fig. 1 .
Ethics approval was given by the South Eastern Sydney Local Health District and the University of New South Wales.
Statistical analysis for item selection
Statistical analyses were performed using SPSS 22.0 (IBM Corp., Armonk, NY) and R [23] . For each item, a subtraction score ("At the present time" -"Before the illness") was calculated which ranged between -3 and +3. A positive score indicated the emergence or an increase in behavior after the onset of the disease, whereas a negative score reflected a decrease in behavior after disease onset and a score of 0 for no change. The total missing value was small (1.38%; ranging between 0-5.1% for each item), 126 out of 177 participants (71.2%) had completed all items. As such, the Expectation Maximization imputation method was used to impute missing values.
Exploratory factor analysis using the maximum likelihood method with promax rotations was carried out to determine the underlying factor structure of the HSS (Supplementary Table 3 ). The number of factors to retain was established using parallel analyses [24, 25] . Three factors were identified, accounting for 34.2% of the score variance and aligned with our three domains of interest. The first factor, labeled Social Factor, contained 6 items, the second factor labeled Sensory Factor, comprised 7 items, and the final factor, labeled Cognitive Factor, contained 6 items. One item from this factor was removed due to low factor loadings (less than 0.35) (Supplementary Table 3) . Clinically, however, the underlying structure of each factor was not uniform. As such, each factor was subjected to additional exploratory factor analysis using parallel analysis and the maximum likelihood method with promax rotations. These analyses uncovered two distinct components to each factor. The complete description of the items associated with each component and its factor is provided in Table 2 .
Emergence of positive behaviors in AD and bvFTD
Participants
From the overall cohort whose data were included the factor analysis, caregivers of patients diagnosed with AD (n = 31) or with probable bvFTD (n = 32) participated in this study. Study participants were recruited from FRONTIER, the frontotemporal dementia research clinic based at Neuroscience Research Australia (NeuRA) in Sydney. Patients were seen by an experienced neurologist and a diagnosis was made in line with current diagnostic criteria for AD [26] and bvFTD [27] according to the neurological assessment, comprehensive neuropsychological assessment and structural brain 3T magnetic resonance imaging (MRI). All patients scored between 0.5 and 2 on the clinical dementia rating (CDR) [28] , derived from the caregiver self-completed questionnaire version of the 552 FTLD-modified CDR scale [22] . The HSS questionnaire and FTLD-modified CDR were mailed to the caregivers or given directly to caregivers when they visited the institute during the patient's routine annual clinical assessment.
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Statistical analyses
Statistical analyses were performed using SPSS 22.0 (Armonk, NY: IBM Corp). Demographic data were compared using independent t-tests for parametric data and chi-square test for categorical data. For the HSS, six composite scores were derived (1 for each component associated with the three factors), by averaging the scores of the questions within each component. For each composite score, the magnitude of change from 0 (reflecting no change in behavior between before disease onset and current situation) was investigated using single-sample t-tests. In addition, each composite score was subjected to a two-way (diagnosis x severity) analysis of variance (ANOVA) followed by post hoc pairwise comparisons with Bonferroni correction. All statistical tests were two-sided and statistical significance was set at the p value of <0.05.
RESULTS
Demographic and clinical characteristics of the AD and bvFTD samples
The clinical and demographic characteristics for the two dementia groups are shown in Table 1 . The clinical groups did not significantly differ with respect to age, sex distribution, and disease severity; however, disease duration was significantly shorter in bvFTD than in AD.
Magnitude of positive behavior changes in AD and bvFTD
Composite scores of the factors reflecting the three behavior domains are shown in Table 3 . Single sample t-tests were carried out to characterize changes with disease severity for each composite score in each group (Fig. 1) . The AD group showed a significant increase in the Sensory Factor for Hypersensitivity (CDR 0.5, 1, and 2) and Sensitivity to detail (CDR 1) and a marginal increase at CDR 0.5 for Language related activities. A decrease in behavior was also observed in AD, particularly in the severe stages of the disease. Specifically, the AD group showed a significant decrease in Language related activities at CDR 2, when compared to 0 and 0.5 global CDR scores. Decrease from 0 in Visuospatial activities was approaching significance at the CDR 1 and CDR 2 scores. In the bvFTD, a significant increase in Hypersensitivity was observed at CDR 1 and CDR 2 and a significant decrease in Social attitude at CDR 1. No other significant changes were observed on the remaining composite scores in this group. Fig. 1 . Mean component scores across disease severity in Alzheimer's disease and behavioral-variant frontotemporal dementia. Error bars indicate ± 95% CI for each disease severity (CDR 0.5/1/ 2). White bars denote increase in behavior and gray bars denote decrease in behavior.
* p < 0.05; * * p < 0.01. † denotes trend toward significance in observed differences (p < 0.10).
These changes in behavior are further illustrated by depicting the proportion of patients exhibiting changes in composite scores for each factor in both clinical groups (Fig. 2) . This figure shows that the majority of AD and bvFTD patients experienced increased hypersensitivity at all stages of the disease. While increased sensitivity to details was also common in both groups, a growing proportion of AD and bvFTD patients showed a decrease as the disease severity worsens. Over 60% of AD patients showed an increase in language-related activities in the early stage of the disease, with none experiencing a decrease. With worsening disease severity, however, language-related activities declined. This was most pronounced at CDR 2 where over 75% of bvFTD and AD patients showed a decline in these activities. In bvFTD, although an increase in language-related activities was also present early on, a reduction in these activities was observed in a small proportion of patients as well. This proportion became much larger with disease progression, affecting up to 80% of patients at CDR 2.
The proportion of increased visuospatial activities was small in both AD and bvFTD. Indeed, the largest proportion of AD and bvFTD patients showed no change in their engagement in these activities, although a pronounced decrease became apparent with disease progression. Around 10-20% of patients exhibited a positive change in music activities, a proportion which remained stable with increasing disease severity. Nevertheless, the proportion of patients showing a decline in this aptitude became larger as the disease worsened. A similar pattern was observed with regard to social attitude, with the decline on this score being, not surprisingly, particularly pronounced in bvFTD.
In summary, this figure demonstrates that novel or increased behavior are present in both AD and bvFTD and are not limited to a particular domain. Importantly, previously reported emergence in music and visuospatial activities appear to be rare and are not limited to bvFTD. In addition, when present, these are found at all disease severity levels.
Comparing positive behavior changes between AD and bvFTD
Two-way ANOVAs were carried out separately on all composite scores (Table 3) . These analyses showed no significant main effect of diagnosis or interaction effects. A significant main effect of disease severity was observed for the composite score of Language related activities (F(2, 57) = 5.70, p = 0.01), with post hoc tests indicating significantly higher scores at the CDR 0.5 than at the CDR 2 and CDR 1 levels. No other composite score showed a significant change with disease severity, although a trend was present for the composite score of Visuospatial related activities (F(2, 57) = 3.10, p = 0.05).
DISCUSSION
This study examined systematically the presence of novel or increased positive behaviors in AD and bvFTD at different disease stages across three domains (sensory processes, cognitive skills, and social/emotional processing) using the HSS, a newly developed caregiver-based questionnaire.
Overall, AD patients displayed an increase in positive behaviors in both components of the Sensory Factor after disease onset (i.e., Hypersensitivity and Sensitivity to details). In the bvFTD group, however, an increase in that factor was limited to Hypersensitivity and was found only at the severe disease stages (CDR 1 and CDR 2). When present, changes in the remaining scores were characterized by a decline, rather than an increase, in positive behaviors with increasing disease severity (AD: Language related activities; bvFTD: Social attitude). Importantly, examination of the differences between AD and bvFTD on these composite scores, and of the effect of disease severity, demonstrated that the two clinical groups did not differ on any of these measures. An effect of disease severity was found for only one composite score. The Language related activities score, which reflects the Cognitive Factor, was found to decline with increasing disease severity (CDR 0.5 > CDR 2).
Unlike previous research investigating sensory processing in dementia, which mostly focused on somatosensory functions [13, 14, 29] , the HSS Sensory Factor measures the emergence of behaviors related to various sensory functions, including sensitivity to brightness, loudness, food texture, or the attention to detailed information. We found positive changes affecting the Sensory Factor in AD, especially with the component Hypersensitivity, which were present across the spectrum of disease severity. Reduced tolerance to sound or light has previously been shown to correlate with both cognitive and emotional disturbances following traumatic brain injury [15] . In addition, hypersensitivity is commonly observed in autism spectrum disorders [20, 21] with sensory stimulation being one of the main causes of panic or discomfort in these patients [20] . Our findings indicate that hypersensitivity to sensory stimuli appears to be a general phenomenon in patients with brain disorders, and not specific to traumatic brain injury or autism spectrum disorders patients. As such, an increase in the Sensory Factor may be related to the presence of negative behaviors or behavioral and psychological symptoms of dementia.
In the Cognitive Factor, novel or increased behaviors were not limited to bvFTD, but were also observed in AD, particularly in the early stages of the disease (CDR 0.5). Unlike in bvFTD, these skills tended to dissipate with disease severity. On the other hand, and while categorized with Social Factor, the component Music activities was stable. This finding accords well with the fact that music activities appear to rely on widespread brain networks that are different from other cognitive activities. The component Social attitude includes items related to family affection and positive reactions to babies. While increased empathy and emotional contagion have been reported in MCI and AD [19] , bvFTD is generally reported to be accompanied by negative behaviors, such as social inappropriateness [30] and reduction in empathy and emotion recognition [31] [32] [33] . Here, the overall changes were not as pronounced as would have been anticipated in the bvFTD group. Indeed, a reported decline in social attitude did not differ from 0 in this group, except at the CDR 1 level. Importantly, a subset of AD and bvFTD patients exhibited increased social behaviors at all levels of disease severity. This finding indicates that positive prosocial behaviors are present in some bvFTD patients, which has implications for the management of these patients. Whether these individuals differ from the broad bvFTD population on other aspects of prosocial behaviors remains unknown. The smaller change in the AD group observed in this factor compared with previous studies may reflect differences in the instruments used: "self"-oriented behaviors [19, 34] versus "other"-oriented behaviors here.
The biological mechanisms underlying the emergence of these positive behaviors remain unclear. One explanation is that the progressive pathological processes, which start relatively focally, will result in the release of 'spared' functions, mediated by brain regions not (or less) affected by the disease [3] . As such, in bvFTD patients, emergence of artistic abilities would arise because of the combination of anterior brain region pathology with comparatively spared posterioparietal regions, particularly in the right (non-dominant) hemisphere [35] . A similar mechanism has been proposed supporting the emergence of artistic abilities following anterior temporal lobe resection for the treatment of intractable epilepsy [36] . Importantly, however, although predominantly reported in FTD patients, our study revealed that emergence of positive behaviors is also found in AD, a disease with marked pathological changes involving the parietal and temporal lobe brain regions. In AD patients, previously reported changes in artistic abilities were said to take the form of stylistic change, from realist to freeform but with preserved artistic qualities [35] .
Noteworthy is that in both groups increase in behavior was most marked in the sensory components (Hypersensitivity, Sensitivity to details). Disrupted processing of temperature and pain signals have been recently reported in bvFTD and AD [14] , associated with atrophy of the anterior insula, particularly on the right. Nevertheless, within each dementia type, the proportion of individuals exhibiting these positive behavioral changes remains relatively small, which indicate that further investigations will be needed to determine their specific biological mechanisms.
To our knowledge, this study is the first to systematically explore the emergence or increase of positive behaviors in AD and bvFTD at different levels of disease severity. The caregiver-based approach allowed us to determine the type and frequency of these behaviors, particularly in the later stages of the disease when a formal clinical or neuropsychological examination is no longer possible. Our study has some limitations, which are intrinsic to caregiver-based questionnaires. Often caregivers of individuals with dementia experience difficulty in establishing behavioral changes after the onset of the disease due to their insidious and progressive course. As such, the severity and frequency of change may be under-reported. Our analyses, however, based on difference scores between "Before the illness" and "At the present time" yielded an appropriate distribution of changes across disease severity stages. This indicates that caregivers were able to determine the onset of the behaviors of interest. Secondly, based on factor analysis, Music related activities were grouped as part of the Social rather than the Cognitive Factor, with robust findings. While surprising at first glance, music and singing activities have strong social functions and help with interacting with others [37, 38] . Therefore, compared to other cognitive activities, music related activities were more aligned with social settings. Finally, our three domains may appear reductionist and may fail to capture specific changes in behavior. This approach, however, represents an important first step toward an understanding of the complexity of behavioral changes that occur as the dementia unfolds. As such, information arising from this investigation will facilitate and promote the caregiver awareness of the patient's positive attitudes.
A better understanding of the emergence of novel abilities may provide an additional window for targeted and individualized patient-centered interventions and will help with the management of patients with dementia, particularly in the later stages of the disease. Indeed, a shift in the conceptualization of dementia emphasizing preserved or increased abilities, while not negating the presence of marked functional and cognitive loss, has been shown to bring benefits not only to caregivers but also to the patients themselves [39] . Finally, the systematic characterization of emergent positive behaviors will contribute to improving our understanding of these dementia syndromes.
